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Presentation outline

GSG in basic mode

* Modeling approach

e Introduction to the GSG features

o Experimental validation of the GSG
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GSG in basic mode: Modeling approach

Measurement setup model implemented:
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GSG in basic mode: Modeling approach

e For spectrum modeling the GSG uses a comprehensive database of detector responses

for gamma-ray energies from 10 keV to 10 MeV, which were obtained using extensive
Monte Carlo simulations
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Ex
e  More details on the GSG simulation approach see in Nucleonica Wiki at
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GSG in basic mode: GSG features

Select an arbitrary
individual nuclide or a
pre-defined mixture of
nuclides as a radiation
source
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My Preferences
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Print @ Help < New Broweser

Gamma Spectrum Generator
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"Cooling” fime:

Specify the quantity
(activity, mass, number
of atoms, dose rate) of
a nuclide or a mixture
either

+ at the spectrum
measurement starting
point of time, or

* at the moment of
nuclide/mixture
creation.

In the last case, the
controls for specifying
duration of a source
“cooling” time interval
become available.
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Guestions, remarks, suggestions
can be posted in the forum

Measurememlime:lsec '”1000

Start

Start in background |

Links to the quick start
and detailed reference
manuals, as well as to
the GSG user’s forum
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Press “Start” button to
start a simulation

* Choose a suitable y-
spectrometer from 6
pre-defined
configurations, including
HPGe and Nal
detectors, or

* Select “Edit” to create
a new spectrometer.
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Tick the checkbox to get
access to additional
spectrometer settings
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Configuring a new spectrometer:

Dimensions can

y

Dimensions in | mm w

be entered in

”

Filter
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GSG in basic mode: GSG features

The dimensions
of a cylindrical

m”r'] CT or contact at the
Inch™units Source rear side of the
crystal (a
TN T T = - Crystal construction
e feature of
dﬁ?ﬂmict < conventional
ARy coaxial HPGe
detectors) can
The . Contact length be specified
configurable _
parameters ] ~ 12500 1L
include the B Source ta Detectar distance N S Crystal length Shaow more setting
source-to-
detector
. Upto 6
distance, as .
well as , i Filter: |A|uminum V| |I.'].2 | | Add filter layer J| Remove filter layer additional
dimensions and Input window: |A|uminum V| |U_5 | Mo. Layer material Thickness ?—ltt)sorbingd ‘
materials of the [ I:I Crystal packaging: |Vacuum V| |3_U | 1 Copper 1.0 lters made o
) I:I Inactive layer / Reflector: |German|um V| |U_5 | 3 Lead 0.1 Sn. or
construction _ ' vethvl
elements. Mumber of channels in the spectrum accumulated: | 8192+ 4 Aluminum 02 po Yf)t ylened
can pe place
Channel+to-energy conversion factor, keV/channel: betweeg
Energy resolution (FWHM) in keV at 122 keV: source and
Energy resolution (FWHM) in keV at 1332 keV: detector
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GSG in basic mode: GSG features
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Selecting calculation options:

leonica - Gamma Spectrum Generator - Windows Internet Explorer

V||E||E| |Live Search

(2]

Efficiency
Graph can be
activated in the
Calculation
Results output

Gamma Spectrum Generator
Natural Uranium

Actual chart: Karlsruhs

Nuclide Mixtures:

|Natura| Uranium V| Nuclide Selector

Total activity: Reference point:

|Bequerel V| |2.55?e+004| |Measurementstart v

Gamma Spectrum Generator Settings:

The backscatter
peak simulation
can be switched
on/off, and its
contribution to
the spectrum

can be adjjursrg%% .

|-
g Display detector efficiency curves

Consider decay transformations during cooling and counting time intervals

Include gamma-rays of daughter nuclides

A

Decay Engine's accuracy factor

=M Consider effects of backscatter radiation

Backscatter peak normalisation factor

01 4Pone .a Lacal intranet

H100% v

Decay
calculations can
be enabled that
will allow
contributions
from decay
products, being
accumulated
during source
cooling and
spectrum
measurement
time intervals
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GSG in basic mode: GSG features

Statistical number of counts |+

Count rate at start
Count rate at end
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Statistical number of counts
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Exploring calculation results:

p Data displayed: |Statistica| number of counts V|

View/Save results in Text format or as IAEA-SPE spectrum.

Number of counts
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Spectral
information can be
saved as a text file
as IAEA-SPE
spectrum or Excel.

Right click within
the graph area
enables a context
menu, from which
one can print or
download the
spectrum graph

Additional options
allow to customize
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Channel number
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GSG in basic mode: GSG features
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Detector — LEGe (20 mm x 2800 mm?)
Source-to-detector distance — 25 mm
Filter — 0.5 mm Sn

Measurement time - 10° s




GSG in basic mode: GSG features

Displaying contributions of different nuclides:

Detector — Nal (&3"x3")
Source-to-detector distance — 25 cm

Filter = 5 mm Pb
Measurement time - 1000 s

Actinides extracted from 1 kg
6-year-aged PWR spent fuel.
Activity - 5.25 TBq

Detector — BEGe (30% rel. eff.)
Source-to-detector distance — 25 cm
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GSG in basic mode: GSG features

Saving calculation results in Text / Excel formats:

B3 Microsoft Excel - GC-6020_Cs137_170mm_Spectrum,xls

EEX

E3 Microsoft Excel

GC-6020_Cs137_170mm_Spectrum.xls

% File Edit View ~nsery Formay  Tgok  Data \dow rhelp »io 8 X '@ & ot W w Format  Tools el o Type aquestionforhelp » w & X
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A B c D] E = | 7Y | (T - [ = [ (O (T
= 5 2 ! ~
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5 1 | 4 | 56Ba137m 55Cs137 9.437E-01 9.395E-01 9.416E-01 7.177E-03 7.144E-03 7.160E-03  0.000E-+00
5 | SPECTROMETER: 5| TOTAL: 0.000E+00 ~ 0.000E+00  0.000E+00 ~ 7.77E03  7.14E03  7.160E03  0.000E+00
Lt " = 6 v
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16 [Number of additional filters 0.00 o T E T F 5 H T T T ] T m = -
_1_7__ Filter No.1 0. KV X6 Emission rate, 1/s Photons Peak region counts Detection efficiency 's
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; ] G 5800E06  5B00E06  SB0DECE  2715E08 | AOMEQS | 7530E03 | 4661E03  1441E+03
§ oo o ’@ Fle Edt Vew Inse: ook Ds oy Help -8 x|y X 987E03 | 9793E03  9BISE03  ODODOE0 | 2757EQ5 | OCOOED | OCODE0D  NAN
20 |Filter No.4 0
Embs 2 = B Al fﬁ @em C%*ata % | Bk X 1951602 1043502 1O47E02  519E07 | 33B3E05 | 2775605 | 2676605  9635E4B
21 |Filter No.5 ol d 19 X 3600E02  3584E02  350EM  1IFEGE  3MEDS  3SELS | 317IEDS  1997E«
| 22 |Filter No.6 0) v & E,kev 0 X 1310602 | 13M4E02 1307602 | 2198E06 | 3211EQ5 | 1727E04 | 16BIED4 | 53UE
| 23 |FWHM at 122 keV 0] s 25 [ ¢ [ 0 ] E | F | A% G BSO0ED1 ~ B462ED!  BABIED! | 1960EQ3 | 2144E06 | 6715E03 | 2311E03 | 1.964E+03
24 |FWHM at 1332.5 keV 1) T [EkeV | FEPEF.  XEPEf. SEP Eff. DEPEff. | Total Eff. a
25 |Nurnber of channels 5] 2| TO00E+0T & 8505E-15  0.000E+00  0.000E+00  D.000E+00 | B.505E-15 hd Gammarrays { Efficency { 56 Ba 137m {55 Cs 137 /[ Ful spectium | ¢ >
[ 25 [Chamnebte Enegy conversin AN S T L T T T
27 |Source-to-Detector distance = - - Sy - e Satees oy
[ Sieciun st s i % 1.000E+04 = 1.305E04 DOO0E+00  2304E-04  1.176E04 | 4578E03 T
29 674 I ectrum s
szt 7 | 65 |Absolute efficiency for 1332.5 keV photons at 25 cm: 6.804E-04 i Type a question for help I8
30 SOURCE. 63 Relative efficiency for 1332.5 keV photons at 25 cm: 5670 % ] ot Ik s Gam m a S ectru - i ot
| 31 |Nuclide 5470 vlo. L & \mj_.n % 2 AR EE| L. 00 A
| 32 |Quantity QK W X and Gamma-rays ) Efficiency { 56 Ba 137m [< I | 31 Kl number —
' 33 |Reference point of time | Nf Ready " ) 3 I 3 T 5 ‘ i - 7 I ] I ” =
S — =
g—g Sdurceicodling interval 2 o 1 Energy, keV Count rate at start, cps Count rate at end, cps Theoretical number of counts =
=t 2 ' Continuum  Scattered ~ Total Continuum  Scattered Total Continuum  Scattered Total
551 CALCLLATION: : . [3] 020  263E06  BOAED | 2650E06 | 2625606 | OO0GE7 | 263BE06 | 2631E06 | BOED | 2644E06
it Canisider doosy transformatins _ Yes 4] om0 3185606 972507 | 3218E06 | 3171E06 | 9681E07 | 3204E06 | 3.78E06 | O703E07 | 3211E06
| 38 [Include gammas of daughter nuclides | Yes (5] 1m0 33BE06 | 1019E06 | 3376E-06 | 330E06 | 1015E06 | 33BOE0B | 33NEDE | 1.017E06 | 3.3BBE-DB
| 39 |Decay engine's accuracy factor oo || 6 1.40 33B1E06  10%E06 | 3394E06 | 3366E06 | 1030E06  3379E06 3373606  1.032E06 | 3387606
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Plotting detection efficiencies:

Detection efficiencyfor Nal (76.2 x 76.2 mm)
[— Total — FEP —— SEFP —— DEP —— XEP |
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Absolute efficiency

Gamma-ray enerqy, keV

Right click within
the graph area
enables a context
menu, from which
one can print or
download the
efficiency graph

Update efficiency graph |

Select efficiency
data to be
displayed on the
graph

p Efficiencies displayed: Full Energy Peak (FEP) Single Escape Peak (SEP) [ Total

October-2012

[¥]¥-ray Escape Peak (XEP) Double Escape Peak (DEF) Mare graph options

K-axis settings: Y-axis settings:
Scale Tick steps Scale Tick steps
[#] Auta Laog [¥] Auto [#] Auto Lag [¥] Auto
Minimum Major step Minimum [0 Major step
Maximum Substeps No | & Maximum Substeps No -
Grid lines Ticks Grid lines Ticks
[FIMajor [ Minor Min #out [#Labels Mmajor  FMinor Min [Fout [¥]Labels

Additional options
allow to tailor the
efficiency graph to
one’s needs and
requirements




GSG in basic mode: Experimental validation (HPGe)

Absolute efficiency

—r——
0.0 0.5 1.0 1.5
Gamma-ray energy, MeV

Full Energy Peak efficiency as a function of
the photon energy: circles — experimental
values, curve — calculated. Two sets of data
refer to the source location at 5 cm and 17
cm distances from the detector end cap.
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Detector response, MeV ' decay™

10" 152
E 13.53 y “Eu, 60% HPGe
Source distance: 17 cm
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Calculated (curve) and experimental (circles)
detector responses for 1°2Eu source at 17 cm
distance from the detector end cap.
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GSG in basic mode: Experimental validation (NalI)

Results of the experimental validation with 3” x 3" Nal
scintillation detector

0,030 10° 3
] Nal 3" x 3" :
] * Absorber: 1.18 glcm’ Be
0,025 7] Source distance: 10 cm
0,020 4 10° -
o ® Experiment (Heath, 1964) £ :
] —— Simulation 3
0,015 - £
4 o]
o)
Q
] S
0,010 4 é 103
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0,000 T L) T L} I L) T T L) I T T 1§ T I T T L] ] ; I T T 7 T l i 5 T L) I T T T
0 500 1000 1500 2000 2500 3000

Gamma-ray Energy, keV

The simulated vs. experimental FEP

efficiencies for a Nal 3" x 3" detector.

October-2012

Joint
Research
Centre

30.17y ¥'Cs, 3" x 3" Nal

Absorber: 1.18 g/cm2 Be
Source distance: 10 cm
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The experimental and simulated spectra

for 13’'Cs and a Nal 3" x 3" detector .
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GSG in basic mode: Experimental validation (Nal)

Results of the experimental validation with 3” x 3" Nal scintillation detector
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Lo 16
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The experimental and simulated spectra The experimental and simulated spectra

for 24Na and
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GSG-PRO: Additional modeling features

1.  Modeling of a contribution from naturally occurring radionuclides
(natural gamma radiation background)

Additional interface features:

Additional measurement setup properties:

teazurement setup I Calculation results

Optionz l

e Absorbing filter layers: Alurninum 1.0 Id Layer material | Thickness
I:l Input window: Alurninum .
|:| Crystal packaging: Foam Plastic
I:l Inactive layer / Reflector:  Alurminium oxide

ADC and energy resolution parameters:
2048 MNumber of spectrum channels Energy resolution (FWHM) at 122 keV, keV
Channelto-energy conversion factor, keV/channel Energy resolution (FWHM) at 1332 keV, keV

Gamma Spectrum Generator Settings:
[] Display detector efficiency curves

[] Consider decay transfarmations during cooling and counting time intervals
[] Consider effects of backscatter radiation
[] Consider bremsstrahlung phaton creation

Simulate natural gamma-ray background

I

Background gaw
Count rate in 185.7 keV peak of U-235

Count rate in 238.6 keV/ peak of Pb-212 (Th-232)

Count rate in annihilation 511.0 keV peak

Z=ray peak and continuum intensities, cps:

Count rate in 661.6 keV peak of Cs-137

Count rate in 1332.5 keV peak of Co-60

Count rate in 1450.8 keV/ peak of K-40

A respective option has to be
selected on ,Options® tab to
enable the background
simulation

M Count rate in 609.3 keV peak of Bi-214 (U-238) 3 Continuum count rate (0 - 3 MeV)
\ /
October-2012
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GSG-PRO: Additional modeling features

Example: low-activity / low-background measurements
Inclusion of the background gammas results in a more realistic spectrum shape and
MDA values, especially in low-activity measurements

Gamma-Spectrum Simulated for HP Ge (rel. eff. 142.6%)
[ 55 Ba 1537m Al other nuclides |

Number of counts
=

0 S00 1000 1500 2000
Gamma-ray energy, keV/

e A spectrum simulated for a 10 Bqg 137Cs source at the 10 mm distance from a

150% HPGe detector with natural background contribution included
October-2012
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GSG-PRO: Additional modeling features

2. Bremsstrahlung modeling option is available for beta-emitting

nuclides:

Measurement setup | Calculation results I Options

Gamma Spectrum Generator Settings:
[] Display detector efficiency curves

[] Censider decay transformations during coeling and counting time intervals
[] Censider effects of backscatter radiation

Consider bremsstrahlung photon creation

Bremsstrahlung spectrum normalisation factor

T Simulate natural gamma-ray background

A respective option must
be selected on ,Options”
tab to enable the
bremsstrahlung simulation.

Number of counts

Gamma-Spectrum Simulated for HPGe (rel. eff. 52.0%)
[mmm Scattering cortribution e Cortinuum — FPeaks ]

a 500 1000 1500 2000

Gamma-ray energy, keV

October-2012

A gamma-spectrum simulated for a 10 MBq
20Sr-90Y source and a 50% HPGe coaxial detector
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Summary

e Gamma spectrum generator is a powerful tool
for spectrum simulation

e Simulating spectra of arbitrary nuclides or
nuclide mixtures

o Default and user-defined detector configurations
(Nal, HPGe)

e Implemented in Nucleonica: point sources

e Educational and research tool

October-2012




1.

Exercises

Use the GSG to simulate the spectrum of a

3 kBqg ¢9Co source, taken for 1000 seconds at
25 cm from a 3”x3” Nal detector (default).
Examine spectrum graph.

2.The same for a HPGe detector: coaxial, p-type,

50% rel. efficiency (default). Examine spectrum
graph.

3.Simulate spectrum of 137Cs, for the same HPGe

configuration.

4. Optional: Simulate spectrum of a mixture, e.qg.,

natural Uranium or 134Cs+13/Cs.
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